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Dedication 


In Memory of LtCol Jim Loop, whose infectious enthusiasm got me interested 
in missile history. 
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The Western and Russian designations SA-2 and 5-75 are used 
interchangeably in this book. 


The 5-75 Рута system was the 
world’s first surface-to-air 
missile used in combat, 
revolutionizing air defense 
tactics. This is a Soviet 11D 
missile on its SM-63-I launcher, 
better known in the West as the 
SA-2b. (US DoD) 


RED SAM: 
THE SA-2 GUIDELINE 
ANTI-AIRCRAFT MISSILE 


SAM ORIGINS 


he S-75 was the most important tactical missile system of the Cold 
lar and played a central role in the evolution of modern air 
warfare. Better known by its Western intelligence designator as the 
SA-2 Guideline, it was originally developed for the strategic defense of 
major Soviet cities against US and British bomber attacks. It was first used 
in combat in the late 1950s and early 1960s against US U-2 spyplanes over 
Russia, China, and Cuba. As strategic weaponry evolved from long-range 
bombers to intercontinental missiles, the importance of the S-75 in 
strategic air defense diminished. The Soviet Union began exporting the 
5-75 to many of its client states, including Vietnam, Egypt, and Syria. As a 
result, it played a pivotal role таће air wars over Vietnam in 1966-73, and 
in the Middle East in 1967, 1970, and 1973. The use of the S-75 in these 
air battles was the primary catalyst for the “wizard war” that resulted in 
many new innovations in electronic warfare, including the development 
of stealth technology. Although increasingly obsolete, the widespread 
export of the S-75 ensured that it was used in many other conflicts during 
the 1980s and 1990s. 

The combination of long-range strategic bombers and the atomic 
bomb initiated the greatest revolution in warfare of the twentieth century. 
Instead of massive thousand-plane bombing raids, it became possible to 
destroy an entire city with a single bomber carrying a single nuclear bomb. 
Traditional defenses based on artillery and fighters became obsolete over- 
night since they could seldom defeat more than five to ten percent of the 
attacking bombers. In the nuclear age, this was completely unacceptable 
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these programs came to naught due to the political machinations of 
the rival Special Bureau Мо.1 (SB-1) headed by the radar expert Pavel 
N. Kuksenko. On the staff was Sergei L. Beria, the son of the sinister head 
of the Soviet secret police, Lavrentiy Beria. They proposed developing an 
entirely new SAM and in 1951 the rival programs were terminated and 
their personnel shifted to work on the new Berkut (Golden Eagle) system, 
an acronym for Beria and Kutepoy, the Deputy Director of KB-1. Stalin was 
alarmed by the reports coming from Korea of the effectiveness of US B-29 
bomber attacks, and on August 9, 1950, he ordered that the Berkut be 
deployed within a year's time to protect Moscow. 

The Berkut was an immense undertaking, consisting of 56 missile 
regiments in two concentric rings around Moscow, each with a mass 
В-200 radar bunker and 60 launch pads. Missile development was 
undertaken by the foremost Soviet fighter designer, Semyon Lavochkin, 
which accounts for his mysterious disappearance from aircraft design in 
the late 1950s. During the course of the Berkut program, Stalin died and 
his henchman Lavrentiy Beria was arrested by army officers and shot. 
In the ensuing purge of Beria supporters, his son was evicted from the 
design bureau, which was reorganized under S. A. Respletin as KB-1, later 
becoming better known as the famous Almaz design bureau. Almaz w ould 
lead Soviet strategic SAM development for the next half-century. The 
project was also renamed as S-25 (Sistema-25: System-25). The program 
led to the construction of Moscow's two famous ring-roads, a project 
that consumed the equivalent of a year's concrete production. The first 
regiments of the 5-25 were deployed, beginning in March 1954, by the 
PVO-Strany (Protivovodushnaya Oborona Strany — National Air Defense 
Force) and went on permanent alert in June 1956, about four years 
later than the similar US Army Nike-Ajax SAM. By the time it reached 
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The опата! SA-75 system used 
the PR-11 transporter-loader 
semi-trailer, towed by an 
ATS-59 tractor. 


THE SPYPLANE MENACE 


On July 4, 1956, Soviet radar detected an aircraft flying deep over Russia 
at altitudes of 72,000ft (22km), far beyond the reach of Soviet jet inter- 
ceptors. This was a CIA U-2 spyplane on its maiden overflight of the USSR, 
and a flight over Moscow followed the next day. Nikita Khrushchev was 
infuriated and insisted that the new spyplanes had to be shot down. On 
August 25, 1956, Grushin's design bureau began work on the 11D missile, 
which increased the maximum altitude from 72,000 to 89,000ft (22km to 
25km) with a more powerful rocket engine. Test flights began in late 1957 
and were completed in April 1958. 

While this work was underway, development of the preferred 6cm 
band RSN-75 radar was reaching maturity along with the associated 13D 
missile, which also received the new rocket engine. Production of the new 
S-75N Desna system began in late 1958 about a year after the baseline 
V-band SA-75 Dvina, and Desna was accepted for service on May 22, 1959. 
The 1958 production program called for the manufacture of 130 missile 
batteries, including 78 Dvina batteries with 950 11D missiles and 52 Desna 
batteries with 700 13D missiles. 

The improved S-75 missile systems had few opportunities to display 
their high-altitude capabilities. President Eisenhower was worried that 
sooner or later a U-2 would be shot down over Russia, and so in December 
1956 he temporarily halted flights. The CIA attempted to change his mind 
by deploying an early form of stealth coating for the U-2, which made the 
aircraft less visible to radar, resulting in the so-called "dirty-bird" U-2s. 
Although a few more flights were permitted, Eisenhower again restricted 
the flights when it became apparent that Soviet radar was still tracking the 
U-2s. From the autumn of 1957 to 1959, only three deep overflights were 
authorized, one in 1958, and two in 1959; sites heavily protected by the 
new missile batteries were avoided altogether. 

The first success of the S-75 system took place under mysterious 
circumstances. The Republic of China Air Force (RoCAF) had been 
staging reconnaissance missions over the People's Republic of China using 
RF-101 Voodoo aircraft and, in early 1959, the US Air Force transferred 
three. RB-57D high-altitude spyplanes to RoCAF for deep overflights. In 
1958 the Soviet Union delivered five SA-75 Dvina batteries, along with 
a training battery and 62 missiles, to China. Soviet PVO-Strany troops 
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which broke it apart. The shoot-down of ће U-2 and capture of Powers 
was a major embarrassment for the Eisenhower administration and led 
Eisenhower to forbid any further flights over the Soviet Union by the 
U-2, a ban which was later extended to its supersonic follow-on, the 
SR-71. However, overflights did continue in other regions including 


China, North Korea, and the Middle East. By this time, new sources of 


overhead photography of the USSR were becoming available, the Corona 
spy satellites, which reduced the need for provocative overflights. 


OPERATION ANADYR: THE CUBAN 
MISSILE CRISIS 


By 1962, there was indeed a missile gap, but it was not the United States 
that was behind. The Soviet R-7 intercontinental missile program had 
proven to be a technological dead-end and it took years before the 
next-generation R-16 missile was deployed in significant numbers. Asa 
short-cut, Khrushchev decided to deploy existing intermediate-range 
nuclear-armed ballistic missiles in Cuba, where they could reach most of 
the United States. Operation Anadyr also involved the PVO-Strany to 


The SA-75M Dvina system 
introduced the newer PR-11A 
transporter-loader semi-trailer, 
which was towed by a ZIL-151V 
truck. Here, a Romanian crew is 
seen reloading an 11D missile 
on an 5М-63-1 launcher. 


The regimental technical 
battalion maintained 
additional missiles in 
these sealed containers 
carried on a semi-trailer. 


То commemorate the shoot-down 
of Powers’ U-2, this Fakel 13D 
missile on its SM-63 launcher 
was placed outside the 
Sverdlovsk military museum, 
where the remains of the 

U-2 are on display. 


defend the ballistic missile sites. The PVO-Strany forces in Cuba were 
commanded by GenLt S. N. Grechko and consisted of the 10th and 
llth Air Defense Missile Divisions from the Volga PVO-Strany Military 
District, each with three missile regiments, totaling some 144 SAM 
launchers of the newer S-75 Desna version. The S-75 missile batteries 
began arriving in Cuba in the final week of July, and construction of the 
SAM sites took place from August to September 1962. 

The sudden upsurge in Soviet activity in Cuba led to the dispatch 
of a CIA U-2 on August 29, which detected the first eight SA-2 sites. 
CIA Director John McCone was convinced that the USSR would only 
deploy such a new and sophisticated system if they were trying to protect 
something especially valuable such as ballistic missiles. The discovery of the 
SA-2 sites forced the Kennedy administration to be more wary of sending 
U-2s over Cuba, but at the same time increased the pressure for more 
frequent coverage. The hurricane season hampered the reconnaissance 
missions and so the first clear evidence of the deployment of R-14 (SS-4) 
intermediate range ballistic missiles was not acquired until a U-2 flight on 
October 14. The ensuing crisis brought the USA and USSR to the brink of 
nuclear war. 

Grechko had been instructed to use the S-75 batteries only in the 
event of hostilities or a direct attack. In frustration at the Soviet inaction 
in response to the overflights, on October 26 Castro ordered his 
anti-aircraft units to engage low-flying US reconnaissance aircraft even 
though the Cuban guns could not reach the U-2. It seemed unlikely 
that the US would overlook this act, and the Soviets believed that war 
was imminent. On October 27, when another U-2 was spotted, Grechko 
attempted to reach the commander of the Group of Soviet Forces-Cuba 
for permission to engage. After being unable to do so, he ordered the 
507th Air Defense Missile Regiment to shoot down the U-2, based on his 
mistaken presumption that war was inevitable. The U-2 was engaged by 
the 4th Battery, commanded by LtCol I. M. Gerchenov and stationed 
near Victoria-de-las-Tunas. The aircraft was hit with a salvo of three 
missiles around 1019hrs, killing the pilot, USAF Maj Rudolph Anderson. 
This incident almost precipitated a nuclear war. 

Stunned by the news, Khrushchev realized that his original instructions 
had not been explicit enough and a message was sent to Grechko warning 
“You were hasty” and insisting on greater caution. Likewise, on the US side, 
there was recognition that the situation was spiraling out of control. 
Calmer reasoning prevailed, and during the course of secret negotations 
over the next few days, the crisis began to subside. The eventual settlement 
included the removal of the Soviet ballistic missiles from Cuba, and 
without the missiles to protect, most of the S-75 batteries were withdrawn 
as well. A total of 24 5-75 combat and six training launchers were left 
behind for the Cuban forces in 1963. Details of the U-2 shoot-down were a 
closely guarded secret for many years and a number of myths circulated 
around the incident. Castro made the preposterous claim that he had 
ordered the SAM attack, and there were fanciful stories in the US press 
about how Cuban troops had stormed a Soviet SAM battery, and launched 
the missile that downed the U-2. 

As the Cuban missile crisis captured world attention, other battles 
between the U-2 and the 5-75 went almost unnoticed. While the US gov- 
ernment was increasingly reluctant to operate the U-2 in deep- penetration 
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DEEP MODERNIZATION 


The S-75M Volkhov 

When the S-75 system was taken to mass production in 1957, there was 
already some recognition of the need for greater range and altitude to 
deal with future threats beyond the U-2. One option was to develop an 
entirely new system, the S-175. However, a new system would take time 
and because so much money had already been invested in the S-75, the 
PVO-Strany decided instead on a deep modernization of the existing S-75. 
Development of the S-75M Volkhov system was authorized on June 4, 
1958, and aimed at increasing system performance against faster targets 
at longer ranges. Two different missiles were considered for the new 
version, items 17D and 20D. 

The 17D was a fundamentally different approach to missile propulsion, 
using a ramjet engine for the sustainer stage rather than a liquid-fuel 
rocket. The ramjet engine removed the need for the oxidizer that made 
up about two-thirds of the propellant weight in the normal version. It was 
such a radical departure from the previous designs that its development 
took much longer than the 20D. The first flight test did not take place until 
January 23, 1960, after the rival 20D had already been accepted for the 
S-75M system. About 40 test flights were conducted through the summer 
of 1962 and led to more sophisticated ram-jet derivatives such as the 19D 
and 22D. 

The 20D was similar in appearance to the previous S-75 missiles, but 
nearly all the internal components were redesigned and replaced. Since 
the Fakel bureau was so busy with newer SAM systems, development was 
handed over to a small affiliated engineering bureau headed by V. V. 
Kolyaskin, which was located at the lead production facility, the Avangard 
Plant in Moscow. A significant rationale for the new program was to 
improve tracking performance in the presence of hostile radar jamming. 
The new substantially modernized RSN-75V radar (NATO: Fan Song E) 
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THE FLYING TELEPHONE POLE 
IN VIETNAM 


Even though the 8-75 had been developed for strategic air defense of the 
Soviet Union against long-range bombers, its greatest fame came from its 
use in Vietnam against tactical strike aircraft. Due to in ing US air raids, 
in July 1965 the Soviet government agreed to provide air defense missiles 
to North Vietnam. Although the new S-125 system was better suited to the 
tactical requirements of the air campaign, the Soviet Union was only willing 
to provide the first-generation SA-75 Рута. Vietnamese personnel were 
dispatched to the Soviet Union for training, and ten PVO-Strany training 
centers were formed in North Vietnam, to become the core of new SAM 
regiments. Since it would take some time for the Vietnamese crews to 
become proficient, the PVO-Strany began to dispatch missile crews from 
the Moscow and Baku PVO-Strany districts, headed by GenMaj Grigoriy 
A. Belov. From April 1965 to May 1967, a total 


Parallel to the 20D missile with 
its V-88 conventional warhead, 
Avangard also developed the 
15D missile with a larger 
nosecone to accommodate a 
nuclear warhead. A 15D missile 
is seen here being carried on 

a PR-11B transporter-loader 
semi-trailer, towed by a ZiL-131 
tractor truck. (US DoD) 


One of the contenders for the 
Volkhov modernization program 
was Fakel’s 17D missile, which 
is easily distinguishable by the 
thicker mid-fuselage area, 
widened to accommodate 

а ram-jet sustainer. 


of 2,266 Soviet SAM personnel were deployed 
to Vietnam. In total, some 10,900 Soviet military 
personnel and 6,214 civilian technicians served in 
Vietnam during the war, primarily with the air 
defense force, and at least four were killed in 
combat. The first few Vietnamese SAM regiments 
were based around a Soviet cadre; for example the 
274th Missile Regiment was based around the Soviet 
260th SAM Regiment from Bryansk with Soviet 
officers commanding the regiment, its four launch 
batteries, and its associated technical battalion. 
By 1967-68, Vietnamese officers gradually took 
over regimental command, with a Soviet officer 
delegated as a technical advisor, although some 
Soviet officers remained as battery commanders 
through the late 1960s. 

The first S-75 Dvina regiment in combat was the 
236th Air Defense Regiment commanded by Col 
M. Tsygankov with its first two launch battalions in 


The poor performance of the 
5-75 at low altitude and short 
range led to the development of 
the complementary S-125 Neva 
system. This is an example of 
the later S-125M Neva-M with 
four 5V27 (V-601) missiles on 
the four-rail 5P73 launcher; 

the earlier system used the 
two-rail 5P71 launcher. 


the Hanoi area. On July 24, 1965, the 63rd and 64th batteries of the 236th 
SAM Regiment hit a formation of FAC Phantom fighter bombers of the 
USAF 47th Tactical Fighter Squadron northwest of Hanoi, shooting down 
a single aircraft. A second Рута unit, the 238th Missile Regiment (Col М. 
V. Bazhenov), became operational in the autumn, the 261st commanded 
by Col K. V. Zavadskiy in February 1966, and the 274th commanded by 
Col V. V. Fedorov later in 1966. 

Тће initial USAF efforts to deal with the SA-2 sites were not successful. 
The missions against the SAM sites were called Operation /ron Hand, a 
pioneering effort in SEAD (suppression of enemy air defenses). Since the 
Fan Song radar had a dead zone at low altitude where it was blind, the first 
Iron Hand attack on July 27, 1965, involved a low-altitude attack by 54 F-105 
fighter bombers. However, the 236th Missile Regiment anticipated an 
attack, and so moved the SAM batteries involved, replacing them with 
dummies and deploying about 120 anti-aircraft guns around the area. 
When the F-105s arrived, they were blasted by numerous anti-aircraft guns, 
losing six F-105s and an КЕ-101 Voodoo reconnaissance aircraft. After а 
Navy A4E was lost to an SA-2 on August 11, a similar Navy attack was 
launched, losing five more aircraft to anti-aircraft guns without hitting the 
SAM sites. More sophisticated approaches were tried, such as Operation 
Left Hook on August 21, which launched an unmanned BQM-34 Firebee 
drone as bait to listen for Fan Song signals. On the first try, the Soviets did 
not take the bait, and on the second try, the triangulation effort was 
not accurate enough to locate the radar. In the month from August 12 to 
September 14, some 388 Iron Hand missions were flown without success 
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due to the mobility of the missile batteries, their 
excellent camouflage, and heavy anti-aircraft gun 
defenses around the sites. 

Having failed to blunt the SA-2 using brute force, 
the US began to turn to electronic warfare. The first 
step was to use electronic intelligence (ELINT) 
aircraft, such as the EB-66C, to monitor the various 
signals from the SA-2 radars, to develop an under- 
standing of how they worked and their potential 
vulnerabilities. The CIA launched Firebee drones 
into SAM areas with signal repeaters that transmitted 
the signals picked up by the drone’s antennae back 
to the DC-130 mother ship. A mission on February 
13, 1966, hit the mother lode, finally acquiring the 
long-mysterious command uplink and downlink 
signals. The CIA eventually managed to purchase 
a Fan Song radar from Indonesia. 

The SA-2 system was vulnerable to electronic 
countermeasures (ECM) at several key nodes of its 
“kill chain.” The SAM regiment began operations by 
acquiring a target using P-15 early warning radars, 
which then handed the target over to the battery’s 
own P-12 search radar. These radars were needed 
since the Fan Song had a very narrow ten-degree sur- 
veillance sector, so jamming or otherwise interfering with acquisition, and 
tracking radars would interrupt the kill chain. Once the Fan Song began 
tracking the target, it emitted a very distinctive radar signal that could 
be picked up by the aircraft’s radar warning receiver (RWR). Evasive 
maneuvers could often break the Fan Song’s automatic tracking, and by 
the time the Fan Song reacquired the fighter 45 seconds later, the aircraft 
could be out of range. Later RWR sets could also distinguish between the 
initial tracking signal of the Fan Song and its transition to firing mode. This 
often proved to be the most critical phase of all, since the missile or radar 
could often be evaded if the pilot was warned soon enough. A critical 
deficiency of the SA-2 missile was that it had never been designed to 
engage maneuverable tactical aircraft at low altitudes. The control surfaces 
on the missile were relatively small, and while the rocket engine was 
burning the high speed of the missile limited its maneuvering capability as 
well. After the rocket engine burned out, the SA-2 missile faced a second 
problem since it was coasting, and every maneuver burned off much of its 
speed to the point at which it could not maneuver at all. If pilots spotted 
the “flying telephone-pole” in time they could outmaneuver it. 

The US Air Force and US Navy set about attacking all the various nodes 
of this kill chain in order to reduce the threat of the SA-2. Deception 
jamming pods were fitted to strike aircraft, which created false range 
information for the Fan Song operators. The USAF discovered that flying 
four F-105s equipped with jammers in tight formation amplified their 
effectiveness, and these tactics were introduced in September 1966. 
Another solution was to mount more powerful equipment on a larger 
aircraft which could accompany a strike package and shield the entire 
group using powerful deception jammers, as well as powerful noise 
jammers that rendered the SAM radars ineffective by simply overwhelming 


To deal with future supersonic 
high-altitude threats such as the 
SR-71 reconnaissance aircraft 
and B-70 bomber, the S-200 
Angara (SA-5 Gammon) system 
was accepted for service in 1967. 
This is a Fakel 5V21 (V-860) 
missile on its single-rail 

5P72 launcher. 


The RSNA-75 (Fan Song B) 
radar used electro-mechanical 
scanning technology, emitting 

a pair of beams from its two 
Perpendicular antennae, which 
formed a cross-shaped pattern 
to determine the height and 
azimuth of the target. The round 
antenna on the right side of the 
array transmitted command 
signals to the missile, guiding 
it towards the target. 


them with so much radio noise that they could not detect the radio echo 
of their own radar. An important change in the /ron Hand operations was 
the development of modified strike aircraft dedicated to hunting and 
destroying SAM sites, codenamed Wild Weasels. The F-105 Wild Weasel 
introduced an important innovation, the AGM-45 Shrike anti-radar missile 
(ARM) that homed in on the Fan Song's own radar signal. Besides 
destroying many Fan Song radars, the Shrikes also were useful to blind the 
SAM sites during missions, since Fan Song crews turned off their radar if 
they realized a Shrike was on the way. In March 1968, the Shrike was joined 
by the new and larger AGM-78 Standard ARM which could memorize the 
location of the Fan Song site and so strike it even if the radar was turned 
off. The Shrike and Standard ARM missiles comprised a relatively small 
proportion of the many tons of bombs and unguided rockets used to 
attack the SAM sites, but they were by far the most effective weapon for this 
mission, accounting for 46 percent of the SA-2 batteries knocked out 
during the Vietnam war. 


The North Vietnamese were deeply alarmed by the new electronic 
warfare tactics, which substantially degraded SA-2 performance. The 
Soviet PVO-Strany specialists estimated that it took one to two missiles 
per kill in 1965, but three to four in 1966. However, since Soviet and 
Vietnamese kill claims were about seven times higher than actual losses, 
the figures were closer to ten missiles in 1965 and 25 missiles-per-kill 
in 1966. Teams from the Soviet design bureaus and production plants 
were stationed in Hanoi to study the new tactics and suggest missile 
improvements. The new US tactical innovations were so effective that 
the Vietnamese were forced to place greater emphasis on fighter aircraft 
to defend Hanoi, and the Vietnam People's Air Force (VPAF) lost half 
of its fighter pilots in the March-June 1967 dogfights. 

The Soviet PVO-Strany specialists instructed the Vietnamese radar 
operators to reduce the time that the Fan Song radar transmitted, 
making it less visible to the Wild Weasels. However, turning off the radar 
often backfired since once switched back on again, it took more than a 
minute for the radar to warm up to full power, by which time the US 
aircraft were usually gone. Instead of switching the radar off, Soviet 
engineers modified existing maintenance equipment to allow the Fan 
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S-75M2 Volkhov system was accepted for service in 
April 1971. There was a parallel effort to deploy a 
nuclear-armed version, the S-75M3 with the 5V29 
missile, which was accepted for service in April 1975 
and deployed in 1977. 

However, the Vietnamese did not benefit from the 
Volkhov-M2 improvements as the Soviet Union was 
unwilling to supply it with more modern systems than 
the modestly upgraded Dvina systems. China and the 
USSR had nearly gone to war in 1968 over border 
disputes and the PVO-Strany was concerned that any 
missile technology that went to Vietnam would fall 
into Chinese hands. The USSR had agreed to sell 
Vietnam the new S-125 system in 1970, but the two 
new regiments were still training on the system in late 
1972 when the next major phase of the Vietnam air 
war broke out. 

The US ban on air attacks remained in effect in the 
Hanoi and Haiphong areas, but as a result of the 1972 
North Vietnamese offensive the air campaign was 
resumed along the Demilitarized Zone (DMZ). In 
November 1972, SA-2 batteries were deployed in the 
area and on the night of November 22, 1972, managed 
to shoot down a B-52D bomber, the first such loss of the 
war. With the peace negotiations in Paris stalled, in mid- 
December 1972 President Nixon ordered the start of 
Operation Linebacker П, а renewed bombing offensive 
against Hanoi and Haiphong aimed at forcing North 
Vietnam to sign a peace treaty that would extricate the 
US from the war. Until this operation, B-52 bombers 
had been ordered to abort any missions where SA-2 
missiles were detected, but this policy changed for these 


final raids, and the bomber crews were ordered to press 

home the attacks regardless of the missile threat. By this stage of the 
war, the B-52 fleet had been heavily modified with electronic warfare 
equipment: all of the B-52D fleet and about half the B-52G fleet had been 
upgraded with the Phase V ECM suite. Unfortunately, half the B-52G fleet 
was only fitted with the Phase III suite, giving them less protection against 
the SA-2. In addition, the USAF did not appreciate that the Soviets had 
modified the SA-2 missile based on the lessons from the 1967 campaign, 
and in particular had replaced the FR-15 downlink transponder on the 
missile, which made command link jammers ineffective. 

The North Vietnamese had problems of their own. At the time, the 
missile inventory stood at about 1,500 SA-2 missiles but about 40 percent 
were sidelined with technical problems. Missile inventories near Hanoi 
were low because many missiles had been sent south to support the 
operations there. Since the Linebacker II missions would be flown at 
night, the new optical adjunct on the Fan Song was useless, and the 
North Vietnamese crews would be forced to use the tricky “three-point” 
manual guidance tactic. 

The first B-52 attacks on the night of December 18, 1972, came as a 
great shock to Hanoi. The amount of jamming stunned the SAM crews, 


The last major version of the 
SA-2 missile was the Avangard 
5Ya23 for the S-75M2 Volkhov 
system. This variant can be 
distinguished by the gray 
dielectric band forward of the 
nose fins, and its lacking of the 
antenna strakes farther behind 
that were present on the earlier 
20D missile. 
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75 COMBAT PERFORMANCE IN VIETNAM AIR WAR 


1965 1966 1967 1968 1969 1970 1971 1972 1973 Total 


Engagement vs. aircraft 67 348 1,104 220 10 14 266 1,135 64 3,228 
Engagement vs. RPV ini 28 34 100 140 21 16 20 0 366 
Total engagements 74 376 1,138 320 150 35 282 1,155 64 3,594 
Missiles fired at aircraft 109 590 1,894 376 16 23 136 2,032 12: 5,248 
Missiles fired at RPV 14 59 58 155 191 27 25 20 0 556 
Total missiles fired 123 649 1,952 531 207 50 161 2,059 (2: 5,804 
Aircraft claimed 87 186 411 96 2 2 32 415 62 1,293 
RPV claimed 6 10 24 23 41 “а 6 6 0 130 
Total aircraft/ RPV claimed 93 203 435 119 43 9 38 421 62 1,423 
Actual aircraft losses Ti 34 60 11 о о 5 73 3 197 
System effectiveness vs. aircraft (%) 16.4 9.7 5.4 20.0 = - 1.9 6.4 4.6 6.1 
Missiles per aircraft kill 9.9 17.3 31.6 34.2 - = 27.2 27.8 24.0 26.6 


were wasted. Only a single B-52 was lost over Hanoi and a second bomber 
was seriously damaged, and crashed while landing in Thailand. In spite of 
the exaggerated kill claims of the SAM batteries, the North Vietnamese 
government the next day sent a message to Washington that they were 
willing to reopen treaty negotiations. The attacks continued over the 
next few nights on a reduced scale, including several missions to destroy 
known SAM supply centers. SA-2 launches dropped dramatically in 
number due to dwindling supplies. With the North Vietnamese forced 
back to the treaty negotiations, the missions over Hanoi were called off on 
December 31, ending Linebacker II. 

During the war, the Soviet Union supplied North Vietnam with 95 
combat batteries of the SA-75 Dvina system, of which 56 were destroyed 
in combat, leaving 39 functioning batteries at the end of the war. In 
addition, a total of 7,658 V-750 missiles of various versions were supplied, 


of which 859 remained at the end of the war. A total of 5,804 missiles 


A dramatic view as an 11D 
missile explodes under a USAF 
RF-4 Phantom over the Red 
River area of Vietnam in 1971. 
The missile used a proximity 
fuze that detonated the warhead 
when its trajectory was nearest 
the target. (USAF) 


A: The SA-2 missile 
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D: DVINA SYSTEM 


KEY 


1 Pitot tube 
2 Antenna for radio proximity fuze 
3 FR-15 Shmel radio proximity fuze 
4 Safe and arming device 
5 Forward canard stability fin 
6 High-explosive fragmentation warhead 
7 TG-02 fuel tank 
8 AK-20F oxidizer tank 
9 Air pressure bottle for fuel system 
10 Fixed mid-body stabilization fin 
11 Autopilot 
12 Radio command receiver 
13 Steering fin 
14 Fin actuating servo 
15 Rocket engine turbo-pump 
16 S2.711V rocket engine 
17 Rocket engine exhaust chamber 
18 Radio command antenna 
19 PRD-18 solid fuel rocket booster 
20 Booster stabilization fin 
21 Booster exhaust chamber 
22 Rocket exhaust deflector 
23 Exhaust deflector stability pad 
24 Manual back-up for traverse 
25 Folding outrigger for cruciform base 
26 Electric motor for elevation/traverse system 
27 Fuse box for launcher electrical system 
28 Main cruciform base for SM-63-I launcher 
29 Launch rail for SM-63-I launcher 


] 


SPECIFICATIONS 


System Data: 

System design 
System designation 
Missile designation 
Launcher designation 
US/NATO designation 
Fire control radar 
System effectiveness 


Missile Data: 
Design 

Length 

Fuselage diameter 
Booster diameter 
Max span 

Max speed 

Weight 

Warhead 


Booster motor 


Sustainer engine 
Engine performance 


Engine propellants 


Maximum effective range 


Guidance 


Minimum effective range 
Maximum effective altitude 
Minimum effective altitude 


Almaz Design Bureau (KB-1) 
SA-75M Dvina 

11D (V-750V) 

5М-634 

SA-2b Guideline Mod 1 
RSNA-75M (Fan Song B) 


80% probability of kill with 3-missile 
salvo (theoretical) 


Fakel Design Bureau (OKB-2) 
10.726m (35.1 ft) 

0.5m (1,61) 

0.65m (2.1 ft) 

2.5m (8.28) 

Mach 3 

2,287kg (5,040lb) 


19kg (42010) high-explosive 
fragmentation with FR-15 Shmel 
radio proximity fuze 


Kartukov PRD-18 solid rocket, 
27-50 metric ton thrust; 
3-5 second burn-time 


Isayev S2.711V liquid fuel rocket 


3,100kg thrust; 25s burn-time; 
45.1kg/cubic cm chamber pressure 


TG-02 fuel, AK-20F oxidizer, OT-155 
for engine turbo-pump 


29km (18.0m) 


Command guidance in the 
10cm band with AP-75 autopilot 


8km (5m) 
27km (16.7m) 
500m (1,650ft) 


Е: Camouflaged Dvina missiles 
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OPERATION KAVKAZ: S-75 IN THE 
1967-73 MIDDLE EAST WARS 


In 1965. the Soviet Union agreed to жей ће SATIMK Dina stem to 
Egypt and by the time of the break of the 1967 Se Dav War, a total f 
teres had arrived. With liie clectonle warfare equipment, he 
rcli e force countered the nwo Egypiian 572 batteries im the Sinai by 
Aiding them or by exploiting their poor пе лаве erage: About 
"hides were fred, claiming nine антин ills though on two 
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The stereotypical deployment 
pattern of the S-75 system 
encouraged the Egyptian air 
defense force to protect the 
launchers and radar site with 
sand berms, like this site seen 
in the 1980s. (US DoD) 


In the wake of the war, the Soviets agreed to build up the Egyptian 
force substantially. In July 1968, the Egyptians consolidated their Dvina 
units and other air defense equipment by forming an Air Defense 
Command, patterned after the Soviet PVO-Strany. By 1969, two brigades 
with seven batteries were stationed along the Suez Canal in the first 
phase of the War of Attrition with the Israeli Air Force. From July 1969 
to March 1970, the Egyptian SAM units fired 36 missiles, claiming eight 
kills. Egyptian officers were not pleased with the shortcomings of the 
SA-75MK system, and in January 1970 the USSR agreed to a major mod- 
ernization of Egyptian air defenses, including the improved S-75 Desna 
with 13D missile and the new S-125 Pechora. Codenamed Operation 
Kavkaz (Caucasus), Soviet PVO-Strany troops manned the new S-125 
batteries to speed up the deployment of the new SAM belt. A new 
unit, the 18th Special SAM Division, was formed for this mission, better 
known as the “11th Dnepropetrovsk” since it was based on cadres from 
that division. The 18th Special consisted of three S-125 brigades, each 
with eight batteries with four launchers per battery. Many of the new 
S-125 batteries were deployed around key cities and military facilities in 
Egypt, but a few were forward deployed along the Suez Canal and so 
engaged with the Israeli Air Force. 

By the summer of 1970, the Egyptian air defense forces had 13 5-75 
and three S-125 batteries along the Canal, along with 20 new Strela-2 
(NATO: SA-7) man-portable SAM platoons, a dozen new ZSU-23-4 Shilka 
air defense gun vehicles, and a substantial number of anti-aircraft guns. 
During the entire War of Attrition from 1969 to 1971, the Egyptian and 
Soviet SAM batteries took part in 124 engagements, using 264 missiles 
and claiming 32 aircraft kills; the Israeli Air Force acknowledged losing 
only 13 aircraft to both SAMs and guns during this period. 
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The War of Auton set the маде for the October War of 1978 th 
Egypt using й reinforced SAM bateries as a shield against гай air 
peru perii he Fan army t eons the Suez Сала and retake the 
Sinai, Fayp sited eight SAM brigades over the Canal with 4 575 and 

5 batteries from р tal of 575 bateries and 13 195 batteries 
Аину the Egyptian SAM Batteries мете able ю keep the имей Air 
Force at hay ши the pening ay t the Sia campaign, an agrees 
Israeli SEAD operation ман abie w burn hotes through the Egypiian 
defenses to permit rikes against Egyptian army unies by Iac amach 
"oret. In total, the Egyprians chimed 149 SAM kils сїйїп 20 by the 
тен Komrat (NATO: SA), seven o the mar portable Seb, 101 by 
S75, and 21 by the $125, The forwad SAM baneris were Те most 
vulnerable ко evumersction, wiih the Dreh 175mm M107 self propelled. 
dnce Jr 15 othe 15 banieres lost on the cast bank о the Stc 
мше агана» есошмей fora further 18 batteries ticked on the west 
од» ofthe Sue. rales that И had street 33 апспел by 

attack and 11 by ground attack with a further 11 damaged, abo 
шей of the deployed Finn foree, 

At he same time, Sri struck the Gotan Heights 
some ois 19 SAM brigades: 11 strategie brigades (si four ЗАЛАМК, 41 
STEM, and 42 5-15 bateries}, and eight tactical brigades with 41 SRI 
Kral batteries and 47 Sirol? рийг, Besides the 91 aircraft Siria 
дине using the $75 and S125, they also chimed a further б1 airc 
16 img the AKT Kadran amd 18 by he КЗ? Strele tactical SAM fi 
| and toral of 173 il, Жинап accounts suggest that Syrian SAM losses 

included three 875 baneries, five 5-125 batteries, and five 2K12 Kvadrat 
batteries. This is actually higher than the erii esimes of three 
“той by air atack, өвс by ground attack and fie damaged 19 
агаа, 

The Egyptian and Syrian claims of 292 Israeli айтай Jost due ta 
SAMs were excesive considering that toral век were only 102 ата. 
many of which were downed by antiaircraft guns. Published analysis 
after the war suggested the total was closer to 40 Israeli omes to SAMS 
толо 575, fnr lo 8 185 sto Scl and 25 tothe new Kvadrat. The 
disproportionate impact of the Kvadrat and the poor performance of. 
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STRATEGIC SAMS IN THE 1967-73 MIDDLE EAST WARS 
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FOREIGN GUIDELINES 


їп 1957, the Soviet government agreed 10 anster сете р 
Sights for the БА 7 tem to China, but this became entangle in Chin's 
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was simply refurbished, while in other cases it was refurbished and 
brought up to an improved standard. Taking the 20D (У-755 


55) missile as 
an example, the new-production 20DS (V-755S) version introduced new 
guidance electronics that allowed the missile to engage targets as low 
as 656ft (200m). When some of the older 20D missiles were sent back 
for refurbishment, they also were upgraded with this feature, becoming 
the 20DA (V-755A). When the newer 20DS missiles were sent back for 
refurbishment, they were upgraded to the 20DSU standard, which had 
new electronics that made it faster to prepare the guidance for launch. 
Not all these myriad upgrades are covered in this book. 

With the S-75 being slowly retired from Soviet service, some of the 
launch batteries were modernized and exported. The first of these 
export/upgrade programs was the S-75M Volga, which used the 20D 
missile of the Volkhoy system and many but not all of the system upgrades. 
A total of 53 of these were sold to Syria in 1973-87 and 39 more for Libya 
in 1975-83. 

The S-75 system was the most widely exported air defense missile 
system in history, with the exception of small man-portable mis: 
like the Strela-2 (SA-7 Grail). A total of over 600 batteries were exported 
to at least 30 countries, including over 20,000 missiles. The S-75 system 
took part in numerous wars after the 1973 Middle East conflict, but its 
effectiveness was declining. During the Iran-Iraq War of 1980-88, Iraq 
deployed the newer Volkhov-M2 version of the S-75 system, but Iranian 
sources state that it accounted for only five aircraft kills during the entire 
war. Cut off from Soviet supplies, Iran acquired SA-75 Dvina systems from 
Libya, but found them far less effective than the MIM-23 Hawk obtained 
from the US a decade earlier. Desperate for air defense systems, Iran 
finally acquired the Chinese HQ-2J in 1985, first using them in combat in 
early 1987. Their performance was so poor that Iranian crews joked that 
"if we fire enough of these giants, an Iraqi will fly into one sooner or later." 
Iraq continued to use its S-75 systems in later conflicts including the 1991 
Gulf War, but with little success. During the wars in the Balkans in the 
990s, the Bosnian Serbs expended a number of missiles in an improvised 
surface-to-surface mode. One of the last known successes of the S-75 was 
in March 1993, when a Su-27 fighter was shot down during the conflict 
between Georgia and Abkahzia. 
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This chart shows the kill 
envelope of the various 
generations of the S-75 system. 
As can be seen, the trend was to 
extend the range and low-altitude 
performance of the system in 
successive generations. 
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There are numerous books on air campaigns of the past 50 years in 
which the SA-2 was involved, so this list is confined only to those that 
provide especially important coverage to the SA-2, for example, Michel's 
excellent book on Linebacker. For those readers perplexed about the 
intricacies of electronic warfare, Price’s superb third volume on US 
electronic warfare is indispensable. 


Articles 
“SA-75M against the B-52*,” VKO, No.2 (15) (2004) 

Chernov, Aleksandr, “Radar Units in Operation Linebacker-2*,” 
VKO, No.5 (24) (2005) 

Ganin, Sergey, Vladimir Korovin, et al., “Sistema-75,” Tekhnika i 
vooruzhenie, Nos 10, 12 (2002); No.1 (2003) 

Gruszczynski, Jerzy, and Michal Fiszer, “Sistiema-75: Dwina, Desna, 
Wolchow,” Nowa Technika Wojskowa, Nos 1, 2 (2004) 

Korovin, Vladimir, “17D — The Flying Laboratory*," Krylya Rodina, 
No.1 (1994) 

- “Towards Hypersonic Speeds*," Ктубуа Rodina, No.6 (1994) 

No.2 (21) (2005) 

Kyupenin, A. 1., “Counterattack of the Vietnamese SAM Units against 
US Aviation in December 1972*," ViZh, No.8 (2005) 

- “Organization of USAF Electronic Countermeasures during 
Operation Linebacker-2*,” ViZh, No.7 (2005) 

Malgin, Aleksandr, and M. Malgin, “Maneuver as a Means of Survival: 
Lessons of Mobile SAM Defense in Vietnam 1964-1973*,” VKO, 
No.4 (23) (2005) 

= “Formation of Vietnam's Air Defense Force*,” УКО, 

No.3 (28) (2006) 

Mikhaylov, Andrey, “Combat Unit Operations: From Engineering 
Support and Camouflage to Missile Re-supply in Combat*," VKO, 
No.3 (28) (2006) 

— “The Battles after the War of Attrition*," VKO, No.5 (24) (2005) 

- “The Eleven-Day Campaign*," VKO, No.6 (19) (2004) 
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Pribbenow, Merle, “The -Ology War: Technology and Ideology in the 
Vietnamese Defense of Hanoi," Journal of Military History, No.67 
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Sergiyevskiy, Anatoliy, "Ап Unpopular Blackbird*," VKO, 
No.3 (16) (2004) 
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of Soviet Strategic Air Defense Systems 1950-60,” Journal of 
Slavic Military Studies, Vol. 10, No.4 (December 1997) 
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COLOR PLATE COMMENTARY 


A: THE SA-2 MISSILE 

This plate shows the basic versions of the SA-2 missile, the 
11D (1), 20D (2), and 5Ya23 (3). The missiles were initially 
painted in an overall aluminum color, though by the early 1960s 
when the 20D entered production, some plants had begun to 
shift to a pale gray instead. Also at this time, some plants 
began to paint the center instrument compartment and solid 
fuel booster in gloss white to improve reflectivity against the 
sun. The final production runs of the 5Ya23 were generally 
finished in overall light gray paint. 


B: DVINA LAUNCHER 

This plate shows the basic Dvina (SA-2b) firing unit, consisting 
of an 11D missile mounted on the SM-63-I launcher. The 
missile is in the initial overall aluminum paint finish, while the 
launcher is finished in the standard Soviet dark olive green. 
The launcher seldom had any external markings, though there 
was stenciling inside the compartments. 


C: OPERATION GRAND SLAM: U-2 OVER 
SVERDLOVSK, MAY 1, 1960 

This plate shows the interception of Gary Powers' U-2 over 
Sverdlovsk by a Desna battery of the 4th Independent 
PVO-Strany Army. The 13D missile of the Desna system was 
essentially identical to the more familiar 11D, differing in the 
electronics since it operated on a different frequency band. 
The solid fuel booster dropped off about four seconds after 
launch, at which point the liquid-fuel sustainer engine ignited 
as seen here. 


D: DVINA SYSTEM 

The Dvina system used a single-rail launcher, the SM-63-l, 
developed by one of Leningrad's premier artillery design 
bureaus, Central Design Bureau-34 (TsKB-34) headed by 
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Red SAM: The 
SA-2 Guideline 
Anti-Aircraft 

Missile 


The Russian SA-2, nicknamed 
Red SAM," is history's 
dominant antiaircraft missile. 
їп 1960 it famously downed 
Gary Powers U-2 spyplane, 
amd two years later was 
deployed during the Cuban. 
Missile Crisis, almost sparking 
a nuclear showdown between. 
America and the USSR, The 
Sh was also deployed in 
Vietnam, North Korea, вур, 
and even the Gulf War. Using 


photographs, artwork, and rare 

accounts trom its designers, 

Steven J Zaloga examines the 
opment, inking 


this to its massive Impact on 


sie’ dev 


Cold War air campaigns, and 
Investigates the design changes 


that ensured its longevity 


